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ABSTRACT 

The PH 13-8 Mo is a precipitation hardenable stainless steel developed b/ the 

Armco Steel Corporation. This steel can be heat treated to 225 Ksi and has 

excellent toughness, general corrosion, and stress corrosion at this strength 

level. The fatigue life is comparable to ^330 in both the smooth and notched 

conditions. 

Exposure to temperatures iu the 800° to 900°F range for extended times reduces 

the toughness of this steel and use in this temperature range is not recommended.1 

KEY WORDS 

Precipitation Hardening 

Fracture Toughness 

Fst tgue 

< 

Stainless Steel 

Marsging 

Tensile 
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INTRODUCTION 

Recent development, in stainleas steel technology has resulted in 

several high strength stainless steel alloys which have attractive 

properties for structural, applications. These steels are high in 

chromium and exhibit stainless qualities. The alloys which were 

selected for evaluation were Armco’s PH 13-ÖMo, and Carpenter's 

Custom 455 and Py^et X-15. Since these alloys have similar properties 

the reports for each alloy will be published an separate documents to ’ 

avoid confusion. This report will cover the test work on Armee PH 13-ÖMo 

" 

h“ b*e? ® Pioneer in the development of precipitation hardening 

îhê latestSo? !ÍT 8teeíS; 17"7Ph’ PH15“™°- IT-1'?*, and others. 
. late8t oi their precipitation hardening steels is PH13-8Mo which 
ias shown good strength, toughness, and stress corrosion resistance. 

MATER I AI. 

The test material used for this investigation was obtained from the 

a timoré Division of the Armco Steel Company. The 1*" RCS x 3k" lona 

a ?oubie vacuum meited in*ot- 
re.eived in the hot rolled and ground conditions. The certified chemical 

composition is shown below together with the nominal composition range- 

Element 
Nominal 

Composition 
( Wt. Í ) 

Ht-2V-0037 
Certified 

Composition 

(Wt.ü) 

Cr 
Ni 

Mo 
A1 

C 

Mn 

Si 
N 
Fe 

1?.25-13.25 
7.50- 8.50 

2.00- 2.50 

0.90- 1.35 

0.05 Max 

0.10 Max 

0.010 Max 

0.008 Max 

0.10 Max 

0.01 Max 

Balance 

13.03 
8.30 
2.1U 
1.0b 

.032 

.01 

.002 

.005 

.03 
Not Reported 

Balance 

A 3/8 thick cross section was taken from the center of the billet 

f"- U was «round, polished, and etched with a 
macro solution of U parts HCL, U parts H20, and 1 part HNO^at l60°F 

fonn in aPP*arance with no indications 
°r dela”inations. The photo macrograph is 

presented in Figure 1. 

of 

^Itm?ÍaÍÍTiC!VtrUCt“re 0f PH13-8Mo 8 carbon-free martensite 
b*rden*d y precipitation hardening. This martensite is 

soft in the solution treated (annealed) condition and depends on the 

precipitation of intermetalllc compounds for strengthening. This 

NO D6-23927 
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strengthening »echani.ni io similar to that of l6jt nickel maraging steels. 

However, unlike the 18Ï nickel steel which will rust, the PHII-8M0 
maraging steel is stainless and is quite resistant to atmospheric 

corrosion. 

The PHI3-8M0 is commercially produced as a double vacuum melted steel 
{VLM + VAR) and is available aa plate, bar, and forging stock at a 

base price of $3.00 per pound. 

J.o HEAT TREATMENT 

The composition of the PHI3-8M0 requires a solution temperature of 
1.700°F to insure that all phases are in solid solution with the matrix. 

Upon rapid cooling from this temperature, the martensitic transformation 

starts at about 250°F and finishes at about 70°F. In this condition, 

the material is soft and can be readily machined. The second phase of 

heat treatment is the aging or precipitation cycle. The solution 

treated material can be aged at temperatures ranging from 950°F to 

1100 F, depending on the strength level required. The lower aging 

temperatures will give the highest strengths. The heat treatment 

recommended by the vendor to achieve maximum strength is to solution for 

1 hour at 1700°F and oil quench to 60°F4 thia ia to be followed by 

U hours at 9i>0°F for the aging cycle. 

1 he effects of solution and aging temperatures were investigated to 
confirm the vendor's data and to determine the cemperature limits 

which could be tolerated. Solution temperatures at 1600°F, 1700°F, 

and 1Ü00°F were investigated and the effects on the microstructures are 
presented in Figure 2. Aging temperatures from 700°F to 1700°F were 

used to study the effects of temperature on hardness and microstructure, 

and the results are presented in Figures 3 and 4. 

. 0 TEST PROCEDURE 

The test specimen blanks were taken from the billet and solution treated 

prior to machining. All specimens were standard Boeing test specimens 

and are presentad in Figure 5. Since the test specimens were finish 

machined prior to the aging treatment, they required repolishing after 

the aging cycle to remove the slightly discolored surface. The fatigue 

specimens were polished in the longitudinal direction to remove any 

scratches in tha transverse direction which might affect the fatigue Life.' 

Ihe Charpy and the notch bend fracture toughness specimens were all pre¬ 

cracked after final aging to insure a fresh crack with no blunting of 
the crack tip. 

The fatigue specimens and the fatigue test fixture were Boeing designed. I 

These specimens can be tested in compression fatigue as well as tension 

fatigue because of the special rigid-grip fixture. These test specimens 

are not threaded and are firmly held by collet chucks at each end to 

assure alignment. Smooth specimens (Kt - 1) were used for base line 
fatigue data and notched specimens (K . 3.3) were used to detennine the 

effect of a sharp notch on the fatigue life. 
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3.0 TEST RESULTS 

3.1 Tensile Testa 

The tensile results are presented in Table I. The average ultimate 

tensile strength for 6 specimens was 225 ksi with very good reduction 

in area and good elongation. Six additional tensile specimens were 

cryogenically cooled to -100°F after solution treating and aged at 

(4) different aging temperatures. The tensile properties of these 

specimens aged at 925, 950, and 975°F showed almost identical values 

and it appears that PH13-8Mo is not sensitive to minor aging temperature 

variations in this temperature range. However, there w»s a slight 

decrease in strength when the specimen was aged at 1000°F which 

indicates that overaging is starting to occur. The heat treat study 

in Figures 3 and b shows the effect of aging temperature on the micro¬ 

structure. A plot of the tensile ultimate strength as a function of 
aging temperature is presented in Figure b. 

3.2 Fracture Toughneaa Tests I 
3.2.1 The notch bend specimens were used to establish the fracture toughness 

(K ) values. Other specimens such as the standard Charpy impact and 

precracked Charpy impact were used for supplemental information. 

Three notch bend specimens that were aged at the standard 950°F tempera¬ 

ture gave an average fracture toughness value of 96.1+ ksiÆn. The 

three test values were very close together with only a difference of 

2.6 ksivin between the two extremes.. The test data are presented in 

Table II. Also included in Table II are the test data for Charpy size | 

fracture toughness specimens which were aged at 925°F, 950°F, 975°F, and 

1000UF. The effect of aging temperature on the fracture toughness is 

plotted in Figure 7. It can be seen that fracture toughness is quite 

sensitive to aging temperatures and a variation in the aging temperature 
from 925 F to 1000°F increases the toughness considerably. 

.2.2 The Charpy test results from both the standard and precracked specimens 

are presented in Table III. The results of the 950°F aged standard 

Charpy tests indicates considerable scatter in the data. This scatter 

is probably due to the slight variations in the notch root radius which 

affects the initiation energy during impact. The precracked data for 

950 F aged specimens shows better reproducibility in testing. 

The effect of cooling to -100°F after solution treating on Charpy 

properties was investigated and the data is presented in Table III. 

It appears on the basis of limited tests that cryogenic cooling 

improves the standard Charpy values but does not improve the pre¬ 

cracked Charpy values as shown in Figure Ö. In Figure 9, both the 

standard and precracked Charpy impact values are plotted as a function 

of aginfi temperature to show the effect of aging temperature on impact 
properties. 

no Dp-23927 
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5,2,3 The ^»-Py size specimens were used in the 10 hour imd inn 
test « 800üF, 850-F, «„d 900°F. n,e sp.clmen» »«^01 

the’<' sp*'i“n* »„d i«P«Ct ^ 
ted. The tent reeults are presented in Table IV and the effect of 

expo.ure t«mper.tur. on th* lmp.ot toughne.. ir plott.d 1„ PW 10 
The loss of toughness at 800°F to 900°F is a characteristic nfTL10' 
1¿Í chromium alloys and the PH13-QMo is no excent ion r th 
thl, ,1,,1 ,h<)uld not b, u.,d In the- temperature r.„«e of aooAÓ'wo^. 

5•1 Stress Corrosion 

tr«tS««ú™rrCI5Í0” ^,tS Wer' conducted in '»P different type, of 

typ« í P”St nizrz :r.iíib”: iníuit'd-oniy 

and the stre,“. 00^.^1 ^otÏÏ T. ^TZ IT^Tn^lT " 

W IcÏ'tÜeM« enulnmentXBlen* ï" ^ f°r 6 hp- 

:iïZ? zzTtîi: ruï Stac^ri“,ïhnLT:;.r°r 

«hr[:..of ------ 'Crizirîihzv^ziï1 ln 
apparent cío«*!,-!''1;. Th*,re“0"* ror thl» behavior are not readily 
apparent. Close examination of the fracture surfaces did ^ 7 y 
any corrosion or stress corrosion evidence. disclose 

Se .C“eÍÍe'nV'»rJ'“.t'dtfor'l270*1h1°V"1 't0 C°nUnU' f0r *" —d ti»*- 

vent * 800 hour. ^ 
material i. ^ 

5.1+ 

REV S'M 

Fatigue 

The fatigue teat data for the smooth and notched K « ? nï j 

~'d T— « — th. S-N curve, are p^.^ted ii nTurTZ 
î-.-f“ “'r' COQducteo in ten.ion-tenaion with a ,tr..: r.Uo of ' 

to .itabll.h th* tulgll UK //'5 HhT^^ ^ Wer' '“■‘«ted 
« =.5 million cyol..'.“:./„r: ‘ >— 

1,lf,,r0:TM13-8Wo i* comparable to 1.330 „d other hleh 

u ic"pt*b" '“;,.ter^- iTz^iiuizr^ufe 

0ÆFÆfJV& NO D6-23927 
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6.0 COICLUSIONS 

PH13-ÖMO hat good strength and toughnesa at the 225 kai strength 
X.V? wC?.!. * 

The resistance to stress corrosion crack propagation is excellent. 

The resistance to general atawspheric corrosion is good. 

The fatigue liait for saooth specimens is comparable to 1*330 steel. 

The combination of good mechanical properties and corrosion 

resistance makes this alloy eery attractive for structural 
applications. 

Û 
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TABLE I 

Tensile Propert_ies 

¿pec. No. 

8-21 

8-22 

8-23 

8-24 

8-25 

8-26 

Heat 
Treat TUS TVS 

224.2 207.3 

225.8 205.3 

226.3 207.4 

226.1 207.8 

225.0 204.5 

225.0 207.7 

Avg. 225.4 206.6 

%E 1 

1 3 

12 

13 

15 

15 

15 

13.5 

%RA 

56 

56 

58 

61 

58 

61 

58.3 

1 3-1 

13-2 

13-3 

13-4 

13-5 

1 3-6 

REV SYM 

¡2 - +925 F 

"2V +9 50 F 

t^> +9 50 F 

¡p* +9 75 F 

2' +9 75 F 

[p + 1000 F 

226.8 

226.5 

226.9 

226.3 

224.2 

219. 7 

Avq. 225.1 

206.5 

211.6 

206.9 

206.5 

204.9 

209.0 

207.5 

15 

16 

1 7 

15 

15 

14 

15.3 

61 

60 

61 

62 

61 

61 

61 

Soin. 1 hr @ 1700°F, oil cool to 60°F, age 3 hrs ß 950°F 

Soin. 1 hr @ 1700°F, oil cool to 60nF, 8 hrs 0 -100°F 

All specimen« have longitudinal grain direction parallel to the 
long axis of the »pecimen. 

^ H6-23927 
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TABLE III - TTANW RD AND PRKRACKED CHARPI WOTÜRflEß 

Spec. No. 

tí-31 
Ö-32 
8-33 

Ö-3lj 
8-3¾ 
13-7 
13-y 
13-13 
13-17 
b-a? 
8-aa 

Heat 

Treat ^ 
Uhcracked 
Area 

(in2) 

.12Ü 

.12h 

.12Ü 

.12a 

.12a 

.12a 

.12a 

.12a 

.12a 
.12a 
.12a 

7¾¾ ITS 
9.0 

26.0 
15.0 
11.8 
12.8 
18.9 
20.6 

>2a.o 
>2a.o 

8.¾ 
3a.3 

N.F. 
N.F. 

8-27 
8-26 
8-2y 11 

.na? 

.io6a 

.1156 

63.8 
55.6 

a2,a 

13-8 
13-10 
13-11 
13-12 
13-ia 
13-15 
13-16 
13-16 

.11a 

.116 

.116 

.118 

.119 

.116 

.112 

.118 

27.7 
3a.8 
3a.8 
aa.a 
67.9 
bi.a 
89.8 

ia6.5 

7> 

W/A ? 

(In-lb/in ) 

558.2 
522.6 
366.8 

Avg. aÔ2.5 

2a3 
297 

297 
373 
571 
702 
802 

1282 

I 
j 

1 ^ All specimens solutioned 1 hr. <9 1700°F 

2 N 8 hrs. » -100°F after solution 

3 '• Aged 3 hrs. a 925°F 

a N Aged 3 hrs. § 950°F 

5 ' Aged 3 hrs. a 975°F 

X 
6 Aged 3 hrs. a 1000°F 

[j> All speclMDS hare longitudinal grain direction parallel to 
the long axis of the apecimen 

REV SYM _N°. 
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TABLE TV - IMPACT PROPERTIES OM THERMALLY EXPOSED SPECIMENS 

Sper‘. No. 

8-36 

Exposure 
Temperature 

-iîIL_ 

Exposure Uncracked W/A 

Time Area 

(hours) (in.2)_ in-lb/in. 

600 10 .1103 17Í4.5 

6-39 600 100 .11U0 136.0 

6-37 650 

6-Lü 850 

10 .1137 216.6 

100 .1123 186.9 

6-38 900 

8-61 900 

10 .1180 T9;.6 

100 .1026 )86.6 

All specimens have longitudinal grain direction parallel 
to the long axis of the specimen 

I 
I 

I 
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TABLE V - STRESS CORROSION PROPERTIES 

L 

Spec . No. W-a 
Heat Treat l1- (In) Uni 

Time to 
(KIPS) Failure 

Kji Remarks 

_ 

Ö-So .Lb 1.17 15. lb NF in 6 Hrs. 72.b 

Ò-51 
Ö-51 
Ö-52 

> 
> 
> 

.bb 

.bb 

.bb 

1.15 
1.15 
1.16 

16.95 
16.95 
19.10 

NF in 6 Hrs. 
0 
0 

bb.i 
bba 
91.1 

b-^i .bb 1.15 18.15 NF in ó Hrs. 90.0 

8-5b 
8-5b 

.b5 1.09 

.b5 1.09 
16.10 
17.68 

NF in 6 Hrs. 
0 

9b.7 
10b. 0 

13-19 
13-20 
13-21 
13-22 
13-23 

l 
.bb 
.bb 
.bb 
.bb 
.bb 

1.19 
1.18 
1.18 
1.19 
1.19 

2.905 
2.905 
2.750 
2.670 
2.b60 

0 
0 
0 

800 Hrs. 
1270 Hrs. 

75.5 
76.7 
72.5 
68.5 
66.9 

1 
I 

2 
fv 

13 
[ii 

All specimens solution treated 1 hr. ® 1700°F 

A^ed 3 hrs. @ 950°F 

Tested in b-point loading in 3-l/2jt NaCl solution 

Failed on reloading after no failure for 6 hours 

Sub-zero cooled 8 hrs. <§ -100°F 

Tested in cantilever beam 

[> All specimens have longitudinal grain direction parallel 
to the long axis of the specimen. 

>• 

Y ¡4 ^ 
3 

I 

I" 
I 
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TABLE VI u> 

FATIGUE PROPERTIES 

Spec. Mo. 

8-1 

8-2 

8-3 

8-14 

8-5 

8-6 

8-7 

8-8 

8- 9 

9- 10 

8-11 

8-12 

8-13 

8-ll* 

8-15 

8-16 

8-17 

8-18 

8-19 

8-20 

Notch 
Factor 

Kt 

1.0 

1.0 

3.3 

3.3 

Max. Strasa 
Ifl__ 

90.0 

135.0 

180.0 

180.0 

180.0 

135.0 

135.0 

202.5 

202.5 

202.5 

90.0 

1*9.5 
90.0 

1*9.5 

90.0 

1*9.5 

135.0 

135.0 

135.0 

1*9.5 

Strata Ratio 
...B... 

0.06 

o.o6 

0.06 

V 

0.06 

Cytlea te 
Failure 

2,600,000 IF 

3,1*91*,000 MF 

50,000 

91,000 

59,000 

2,500,000 WF 

310,000 

20,000 

15,000 

23,000 

32,000 

81*5,000 

21,000 

823,000 

18,000 

2,872,000 WF 

1*,000 

5,000 

1*,000 

2,555,000 IF 

Ail apeelmena bava loagitudiaal grain direction parallel to 
the long axia of the apecimen 
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REV SYM 

.. 

HTCH : Í4 HCl 

1 HNO. 

* H2° 

TKMP: l6o0F 
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